We show that Holstein's results for a two-site model and the 1/λ perturbation theory based on the Lang-Firsov transformation are in excellent agreement with the exact numerical diagonalisation in the adiabatic and nonadiabatic small polaron regimes. An opposite conclusion recently reached by some authors is a result of an erroneous identification of the polaron kinetic energy. 
they noticed that:
(a) '...the exact result for the kinetic energy, t ef f in general strongly deviates from the extreme polaronic LF limiting behavior. (They) hence cannot expect that the LF approximation is applicable even in conjunction with perturbative corrections in terms of 1/λ; (b) they expect for an infinite lattice a mobility which increases with increasing temperature, while the opposite behavior is found in the classical works [4, 5] on that issue and being based on the LF 1/λ perturbative approach; (c) the k dependence of the (polaron) dispersion differs significantly from that of the bare electrons; (d) the dynamical behavior of the polaronic charge carriers alternates between selftrapped polarons and almost free-carrier behavior and such temporal fluctuations (hypothezised in Ref. [15] ) lead to the boson-fermion model for intermediate-coupling electronphonon systems; (e) (the LF approach), which is generally believed to become exact in the limit of antiadiabaticity and an electron-phonon coupling going to infinity, actually diverges most from the exact results precisely in this limit...'.
In this Comment we show that the conclusions (a-e) are artifacts of an erroneous definition of the polaron kinetic energy which has led the authors of Ref. [14] to a profound misinterpretation of polaron dynamics.
To clarify this point we have to spell out the textbook results [4, 8, 12, 17] . Transforming a single-electron multi-phonon Hamiltonian with the Lang-Firsov (displacement) canonical transformation one arrives at the exact expression [5, 12] 
is the transformed hopping integral depending on the phonon operators d q , c m is the annihilation electron operator in the site representation, u m (q) = describing the electron-phonon coupling, N is the number of lattice sites m, and
is the familiar polaron level shift. Taking the first (hopping) term in Eq. (1) as a perturbation and introducing a proper (Bloch) set of N degenerate zero order eigenstates of the lowest energy level (−E p ) of the unperturbed Hamiltonian as
one obtains an expectation value of the first term of the transformed Hamiltonian at zero temperature [5, 12] , denoted in Ref. [14] as
Here bra and ket refer to the eigenstates ofH, |0 is the vacuum and |k ′ , n q are exited states of the unperturbed Hamiltonian with one electron and at least one phonon (denoted by prime), n q is the phonon occupation number. It should be noted [16] that t ef f representing a part of the total polaron energy should not be identified with the renormalised polaron bandwidth contrary to Ref. [14] . Only the first term in Eq. (5), which is linear with respect to a bare hopping t(m − n), determines the small polaron band dispersion as
with the familiar exponential band-narrowing factor (T = 0),
The second quadratic term in Eq.(5) yields a negative k − independent correction to the polaron level shift [12] . Including this second order term one obtains for dispersionless phonons (ω q = ω, γ(q) = constant) and nearest-neighbor hopping [12], page 21). Of course, it has little to do with the polaron kinetic energy and the polaron tunneling mobility.
In particular case of a two-site Holstein model (z = 1) we have only two levels corresponding to the lower state, k = 0,
and to the upper state, k = π,
We compare the lowest energy calculated perturbatively, Eq.(9) with our 'exact' result for t ef f calculated by the numerical diagonalisation of the Holstein model in a truncated space of 50 phonons, as described in Ref. [13] , Fig.1 . We confirm that the Holstein-Lang-Firsov approach is asymptotically exact contrary to Ref. [14] . The ratio of the second order hopping energy to the exact one is unity in the large λ-limit, Fig.1 [18, 13] . An analytical solution [19] of the twosite Holstein model beyond the lowest order perturbation theory reveals a second peak of the oscillator wave function corresponding to a deformation of the molecule adjacent to the one where the electron actually sits. However, contrary to Ref. [14] , an additional overlap of the oscillator wave functions due to this peak has only little effect on the exponential splitting of the double-well levels. In general, the even orders (in powers of t) of the perturbation theory lead to a shift while the odd orders are responsible for the splitting of levels corresponding to the polaron band.
The authors of Ref. [14] failed to recognise that the main contribution to the hopping energy t ef f comes from the k − independent second order lowering of the polaron level.
This lowering has nothing to do with the tunneling under the deformation barrier and with the polaron kinetics. They compared their numerically calculated value of t ef f with the first exponentially small term in Eq. (5) alone missing the dominating second term (see lower curve in Fig.1 ). This erroneous identification of the polaron kinetic energy led de
Mello and Ranninger to their wrong conclusions (a,b,c,e). It also produced an incorrect impression [15, 14] that the states near the top of the polaronic band allegedly would be less mobile compared with those at the bottom because the so-called 'kinetic' energy, t ef f , at the top appeared to be very small when the two terms of the opposite sign canceled each other in Eq. (10) . In fact, the exponential enhancement of the polaron effective mass,
, is, of course, the same at the top and at the bottom of the polaron band because the second term in Eq.(8,9,10) does not depend on k. This is perfectly illustrated by the elegant Monte-Carlo simulations of the small polaron problem [20] . Therefore, there is nothing like ' the dynamical behavior of the polaronic charge carriers alternating between self-trapped polarons and almost free-carrier behavior', (d), in the small polaron regime. The boson-fermion model for coupled electron-phonon system [15] is an artifact of an erroneous identification of the polaron kinetic energy. 
